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(54) PHOTOSTIMULABLE PHOSPHOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
photostimulable phosphor having afterglow far longer 
than that of commercial yellowish-green ZnS:Cu 
photostimulable phosphors, blue to green luminescence 
and afterglow, and chemical stability and excellent 
weather resistance. 

SOLUTION: This phosphor is represented by the 
formula: m(Sr1 -aM 1 a)0.n(Mg1 -bM2b)0.2(Si 1 cGec) 
02:EuxLny (wherein M1 is Ca or Ba; M2 is Be, Zn or Cd; 
Ln is Sc, Y, La, Ce. Pr. Nd, Sm, Gd. Tb. Dy, Ho, Er. Tm. 
Yb, Lu, B, Al, Ga. In, Tl. Sb, Bi, As. P, Sn, Pb, U Zr, Hf, V, 
Nb, Ta, Mo, W, Or or Mn, and a, b. c. m, n, x and y are in 
the following ranges: 0<a<0.8. 0<b<0.2, 0<c<0.2, 1.5<m< 
2.5, 0.5<m<1.5. 1 x 10-5<x<1 x 10-1, and 1 x 10-5<y<1 x 
10-1) and further contains halogen atoms (F, CI, Br or I) 
in an amount in the range of 1 x 10-5 to 1 x 10- 
1 g.atom/mol of the matrix. 
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(57) 

mm] TfrJKOZ n S : C u fr^s3fl±?Bfcgfttt 

IWft^SJ m(Sr,. a M» ,)0 • n(Hft- b M 2 „)0 • 2(Si 
t . e Ge c )0 2 :Eu x Ln y T*§fl, sWWiiCa.Ba , hPJi 
Be,Zn,Cd N Ln(iSc,Y,La,Ce,Pr.Nd,Sm,Gd,Tb,Dy,Ho,Er,T 
m,Yb,Lu,B,Al,Ga.In.Tl.Sb.Bi.As,P,Sn,Pb.Ti,Zr,Hf,V, 
Nb.Ta.Mo,W,Cr,Mn£^U 5£4*a,b,c,m.n,x.y 
ffiffltftO. F.Cl.Br.I ?<7)ADy>7ctS- i X 

10-s- 1 X10-1 g • a t m/ftflc 1 */PO«fflT*qr#- 
4Sft143S£ftT'$>4. 

OSaSO.S . 0 SbS0.2 , 0 . 1.5 Sm 

S2.5 . 0.5 gmgl.5. 1 XK)-5SxS 1 xlO'i, 1 

X10-5^y S 1 X10" 1 
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i »*jf n e u mmm^m^mm.^^za v-if. 

mtfttm (Sr,. 4 M» a ) O- n (Mg,. t M 2 „ ) 
O • 2 (S ij-c Ge c ) 0 2 : Eu, Ln, T'3i§ 
it. *+M» ItC a.RVB ai>>t?mfRZixtz-im±<D 
7c#, M 2 «Be, 2 n&tXC da»£3SiR$*i*:— 
±07C^. *ftV§5iJLn<2Sc , Y, La, Ce. P 
r, Nd. Sm, Gd, Tb. Dy. Ho, Er, T 
m. Yb, Lu, B, A 1 . Ga. In, T 1 , Sb. 
Bi, As, P, Sn, Pb. Ti, Z r , Hf, V. 
Nb. Ta, Mo, W, C r BXfMnfr tltz— 
W.VXk.^TxM^Tf^ L , it+'a, b, c, m, n, xjSW 

yjiTEo^fe:*"?. mimytwitF, C 1 . 

1X1 0"»~1 X 1 O-'g • atm/ft#lt;W)gl 

0 gag 0. 8 
0 SbS 0. 2 

0 gcg 0. 2 

1 - 5 SmS 2. 5 
0.5 gng 1.5 

1 X 1 0" 5 SxS 1X1 0" 1 
lXlO- 5 Syg 1X10-1 
[Sf3<312] BU!e*f+£#JLna>'Dy , Nd, Tm. 
S n , I n&lXB i £>3S*R $ fut— SULh<5^c3IT-3b 

[»*313 ] 1 4 0—4 5 0 n mO^fflO^h^Sl/ 

l XJi 2 ieKcOe*tt^7«*: 
[000 1 ] 

WX'Z. »«ttte«-u *8Bfctt£*L, mU&RXS/ 
4. 

[0002] 

[0003] ti LT 
(4. ( C a . S r ) S : B i $3fcfr % St*£feS£fcS3ttf 

LT(±, Z n S : C ugftf^ 
#3t14^3t»i: LT(i ( Z n , C d ) S : Cu»* ; 



[ 0 0 0 4 ] Lj&>U ±12 ( C a . S r ) S : B i £3fc 

TVvSr^. (Zn, Cd) S:Cu«jt«cli, f 

ttfMTC* $Cd *%fl«7>¥#l5 £' £#>T 0 , 

S*TCV>$rH. ZnS : C u taKv<0fl=l£TT^I«(C 

w&£ 1 1 * •? , ^tt<7)^^sg^s^^aa^Mrt 

[0005] 
[0006] 

[^SSrtff&TSfctfxO^g] ID*>. **5Ui, TlfiO 

(Sr,., Mi , )0-n (Mg,. b M 2 b ) O • 2 
(Si,., Ge e ),0, :Eu, Ln, T»gft, 
«K Mi iiC a&tf B afrt>mffl2ti.ti-milLtcDjt 
S^M 2 liBe, Zn&VCd*»4,a»?$*i.3t-«ia± 
<£>7C^, 2WvS3iJLn(±Sc , Y, La, Ce, Pr, 
Nd. Sm, Gd, Tb, Dy, Ho, Er, Tm, Y 
b, Lu, B, A 1 , Ga. In. Tl, Sb, Bi, 
As, P. Sn. Pb. Ti, Zr, Hf, V, Nb. 
Ta, Mo. W, C r&X/Mnfrt > 3m$ih.K.—ma± 
<7)7C^£r7nL. iW'a, b, c, m, n, xRltylZT 
!2<75ieffllc£,9. BUfetBtettfi. F, CI. B r 

ms i fr^mRztitz-mxkcr>jsuy>7tm* 1 x 1 

O" 5 — 1 x 1 0-i g • a tm/Sfla^/^&HT-^r 
-r s £ t S-WStt-T-5»S3ttt^#:. 
0 Sag 0. 8 
0 gbg 0. 2 

0 gcg 0.2 

1 . 5 SmS 2. 5 
0.5 SnS 1.5 
lXlO- 5 SxS 1 x 1 0-i 
lxiO' 5 gyg lxio-i 

[0007] (2) WR*ttiSWLnj&«. Dy. Nd. T 
m. Sn, I nXt/B i*^SS?$^— SJJUiOTcai 

[ 0 0 0 8 ] (3) 14 0—4 5 0 n mOffifflO^f^R 

4±ie (i) x(i(2) im<7)Wit&n±#. 

[0009] 

[«H*0SQftwaSt«3 (Sr, M> )Q 
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- ( M g . M 2 ) O- ( S i . G e ) O z 

ft(M' = Ca, Sr, Bat. M 2 = Be, Zn, C 

d X'h h ) £ 4»'frl=lftWr t £ *> . 0 1 

arfiifcfcJUJLfc. ID*>, f&fifc&m (Sr, M' ) 
O • n (Mg, M! ) O - 2 (Si, Ge) 0 2 T'** 
ft. m. n*\ 1. 5SmS2. 5T\ 0. 5SnS 
1. 5 0MEH#»LTU4. 

[0010J-MT. #S&«5!T'(i. ±E<0«3fc«ea«cK: 
*fLTEuT'-f+S-ri.t^C. Ln (Sc, Y, La, 
Ce, Pr, Nd, Sm. Gd. Tb. Dy. Ho, E 
r, Tm, Yb. Lu, B. Al, Ga, In, Tl, 
Sb, Bi, As, P, Sn, Pb, Ti, Zr, H 
f. V. Nb, Ta, Mo. W, C r&tXM n*>£>jMtl? 
Sftfc--«2li:*)7C*) T^ffiSS"*. ad^-> 
7C^ ( F . CI, B r&V I 3 ftfc— WJLL*) 

tHB) *£*3-£5£fcfcJ: fBfrfcV*- (Eu ) 

nCO+T'i. Dy, Nd, Tm, Sn. InWB'itf 
^{CffiftT^S. 

[0011] *«WOffl**fe:4J^T. S r«Ia 
(^/U) liOSaSO. 8. MUiOSaSO. 4<T> 
3gB**38LT*J9. 0. 8£jg;cT^^£>hgB£#'|4 
fa±028S#£!«5r<$:S. ZnCDS^Sb ■(* 

/UliOSbSO. 2. ML<IJ0gb<0. i<oi 

H*^gLT*5 0. o. 2*mtxmi-rz>tmtm\ifo 

^) iiOScSO . 2, jffl UiOScgO. lOffiffl 
*«LT*J0. 0. 2*tttibm£M3Eto±cvSbM&' 

t o o 1 2 3 abe^e*MiwaE^-c»4in ( s 

r , M' ) O. n (Mg. M 2 ) 0£I*'2 ( S i , G 
e) O z ^fflfi£Jtr^i,Hlfiem, ntfOffiil. 5 Sm 
S2. 5211X0. 5SnSl. 5.ffiL<lil. 7S 
mS2. 3&T/0. 7SnSl. 30ffiffl*^iLTiJ 

t 0 0 1 3 ] ftSffJOE uOlE^-ix ( g • a t m ) 
ti. 1 x l x l o-K #& L<ltl x l 0 

■^xg5xio-!OKi^ILti>9, lxi 0- 5 * 
mvii&ftr* <KcO. g WOJESJg**}f f>ft 

=Sr^. 1 x l o-itmiztm&mitzi&zL. 

[0014] Sft«?PJ7C*L n^)E^*y ( g • a t 
m) it. lxiO-^ySixiO" 1 . jfSKlilx 
10-^yS5xiO-!0»>lLTfcO. lxio 

- s &ffiT^mm&iz%j$ktfm< , 1 x 1 o- « 



[0015] *«H8<?DSBt«ct:«SBnT^>D^>7c* 

«7C* L n <3i£ttfc:» $ s flWER WSjeWtt £ |6]Jb $ ■£ 
4. ^v¥>7tm(r>mtiuM.z (g-atm)li. gfc#*n, 

mmkv-fttirmt lt^it-i x i o-^z^ix 1 o 

MKIilxio-'^z^lxi 0- 2 *»"3®LT^ 
4. lxio-'SttiSi. L T&tt'KO 

Ja^'SSIt^rO. 1 x l 0- 5 £TEISk. BKHfcrMSS 

[ o o i 6 3 * lx . *fK8<^»«eabi£*tt. 1 4 0 

-4 5 0 nm<JDeHO^SRatX/X{i^«3eic«tSS!l 

[0017] wtttatJtttii* &o «t 3 1 lt 

See*KSii. flt*5E»Sr. M» (Mi 
= Ca, Ba) , Mg, M 2 ( M 2 = B e , Zn. C 
d ) . Si. Get, fflSME u &Zf&ffi£mL n(S# 
* i&fclfe tL< JiS&ftfc J: 0 ^ fcBKMto t & 0 9 * ft 
BBS* BSlfcS. *flSWl i 5rif<0«OJgTfflv^4. y\ 

^Ln) w^yyit&fa(Q&x'm\->?>. ^lt. ±ie 

[0018] ^ cr>m.-£fy)£ T)V S -T^"J *m<7)ffif&&& 
7C#ffl^i4'T'8 0 0--14 00*CT-l--l 2B#fgT10 

[00 19)0211 mm 1 T^JiltiM 
* Sr i.995 MgSi 2 0 7 :Eu,.„5 Dy 0J!i C 

1 0.025 O^Sfl|JtS-5il2L7tXISigjff0T-fcS. CfiO 
^T^atKOd*). Sr. Mg, S i f5—35£ ff^ic 

[ 0 0 2 0 3 03 ti. 0*3£tt£%fe (tttft 

a) . *tfc«2T^-jRS*l>t*3ettSt**Sr 1 .,„ _ C 
a 0 .e MgSi 2 0 7 :Eu 0 .oo5 Dy 0 . 0 25 Br 
0. 025 (*8b) . **6«3T^JSSil3t#3l£ttat5t«: 
Sr 0 . 995 Ba u MgSij O 7 :Eu 0 . 0 05 Dy 
0.025 Br, J!S (filSc)(C*tL. 365 nmf« 

fil^Mt-^^TOnm, 500 nm. 4 5 
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[ o o 2 1 ] H4 u. m&ffl i o**ttajte»*fflv^ 
x. mm*'*? bJwm*m&LT7jkLtei><7>Ti> 

fflkO#3fcfcft£4 7 0nmi:i^U tSSCBairt-ijt 
Oljigjfcf|£^L$itt:B^4 7 0nm (fctj^)5t) ?>3£ 
SzrTo-y h LfcfctfJT. $*ft{i4 7 0 nm^M 

[ 0 0 2 2 ] 05li. Xfeffl 1 0®3tf±3bttfc 
^7 WHf— 7**4 7 0 nm) . HSfcflJ 2 OWftttfg 
ftfa (Z&tA^? b)Ut:-?i&M5 0 0 nm) . HMCT 
3*3*3ttt3be* («3t^^ WH^-?»*4 5 0 n 
m) „ imMl(r>Wtm.'2&tte (Sr,,,„ MgS i 2 
0 7 :Eu 0 .oo5 . MX^h/H;-^tl4 7 0n 
m) Jfc«0!2*!>*3fcttflbfe* (ZnS:Cu.i 

r-;Uf-;?jfcR5 1 6 nm) £*tU fittest 
2t7^T£ffl^T3 0 0/l'v?XT'3 0:frFS]B3StU M 
WfM: 2 ft'&<rmX!mi £ T« L . $!l5£2r&te, ± 
E<»>EttO J: 5 C 3 0 W*>JbfcfeSBe5 XTtKBfc: 

[0 0 2 3] E5*^flJ4>*^«tdtc. S&ftx^? 
tr-?S*4 7 0 nmOSftttSt5£#T'£>&H$fe0iJ i 
«i. &mqilz*tLX&frXm&%m£ft&z:-&-t&Z 

Jfcfitt*****. rt?|{l D D n tCfflS-r-5it:«M2C0Z n S : 

[ 0 0 2 4 ] H6ii\ HJfcflFiJ 1 ~3tf*36ttifcfcflcte# 
U S3tfe^7>-7-3 0 0/Uvi?^l 5#S8lf. QRSt 

-7 *1±SL TLD'J —y— (KYOKKO TLD-1300K^ * -f 
7) SrfflivC£>8~l 0-C/#<7)#iailJKT-«a^L, * 

SM&Wiifln t T v * £> i fc . 
t 0 0 2 5 ] *«"B<0»3tttflBWW±. ilEOj: o fcffi 

ms^^, ui;^-m&. ma. oasis , fit 
w«« . s^s^swsigfr^icf ijffl-r sit # 

[0026] 

[losffy] 



CSBfcOTl ] 
S r C0 3 
MgO 
S i 0 2 
Euj 0 3 
Dy 2 0 3 
NH, C 1 



29. 5 g 
4. 0 g 

12.0 g 
0. 09g 
0. 47g 
2. 3 g 



StfP&fflW S^9 8%*lg2%^ji7c|?H5i,4iTl 1 

a. km. sefr&'fT^ xwim&imzftrc. 

[0027] £«>£3fcfMi. Sr,,, ss MgS i 
2 O, : E u 0 . 005 ,Dy 0 . 025 C 1 0 . 026 Ol!&j£5-W 
U !2l20X«l8JifrEI£ij*U 3 6 5nm»|-8tlfi 

X\ *«?53^tf-^«[*ti4 7 0nmO»feJteiai3Ktt 
Sr^-rSt<OT-*>-57t. S7t. JUie^^h/Wi^ 134 

^-y\ime<Dta , ox'h'>tz. abtflcosBte 

»*Wtt (S?Jtf?it2^t 6 0#f£O££fc 
5&g2r, Z n S : CufgfiMfttBt 10 0 

2r«l. au r ^2(cfSKL.7t:. 
[0 028] CHMM2 3 

SrCOj 17. 6 g 

CaCOj 8. 0 g 

MgO 4. 0 g 

S i 0 2 1 2 . 0 g 

Eu 2 0 3 0 . 0 9 g 

Dri 0 3 0. 4 7g 

NH, Br 3. 3 g 

SWPSrfflV^ ^il7C#ffl^^T- 1 2 0 0*CT'2^^ 
&Lfz. »^/ut<gj«*£»». *gfe, $£*S, ifta-SrS 

[0029] i09bt*«. Sr, 1S5 Ca 0 . 8 MgS 
i 2 0 7 : Eu 0 . 005 ,Dy 0 . 025 Br 0 . 025 ^ffifig?:* 
L , 3 6 5 n mg&mX'mm ttz t % h )V 

tiH3 (fi&b) OtfcOT', ^t-7li500nm 

2#&i 6 0»flW)««at«£, Z n S : C uf^H 

3e*3taat*£ 1 0 o%tcu^7t^£tt) si/^d- 

[00 3 0] CHSSW3D 
SrCOj 14. 7 g 

BaC0 3 19. 7 g 
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[0032] cnjtflu^i 9D m&mi tmmn-Km 
T-m i izizmoms. z & m&m a ~~ 1 9 cvwx&m 
. mmm4 — 1 9 ^3fefr«o^t e - ? a. 

Bbfchftt (mJttW±2ft&t 6 0#&c75&*5feK^ 2 
n S : Cum®&$&tW%MX&t : 1 0 0%lCL£fBfc 

C00 33] Cfl^l~2)£tt$SH?c*Ln&l^\ 
oy>7c*<0E****U7tJa^Mi. S&SfcMlfclsiestc 

LTJtttWlOS r,.„ s MgS i 2 0 7 :Eu 0 005 
-X&g!<DZ n S : C u ]tlft&Jfc%WEtta%*aC-Gl ) 

^#14 (fi«»fltjh24j«t 6 vm&mtm&z n 

S : C uH^^§7«im^^ 1 0 OXtLfclBte 

[00 34] 
[*1 ] 





ft ^ |g l£ 5$ 


38 jfct'-J 
Cnm) 


5#& 


60#& 


CC) 


H I 


Sr 1 . i jaMgSwO* :Eu». •*»Dy 0 . 02»Cl t . 02 » 


470 


480 


1540 


90 


11 2 


Sri tisCa«. iNgSi 3 0t :Eu 0 . o«iDy». euBt ,. „ t } 


500 


180 


250 


70 


H 3 


Sr 0 . tiaBa,. D WgSi i0 7 :Euo. 0 «sDyo. »a«Bro. 021 


450 


195 


440 


100 


m 4 


Sr,. ,» s MgSij07 :Euo. ««iDy 0 . 02S 


470 


60 


180 


85 


H 5 


Sr,. ,i5MgSijOT:Euo. .•»Dy 0 . o» s C]». 05 


470 


870 


2530 


95 


^ 6 


Sri •• a MgSi ? 07 :Eu». • •>Dy 0 . o»»Br. 03 


470 


705 


1830 


95 


^ 7 J Sr ; . »TMgSi 2 0: :Eu». aiDy B . otsFo. «, 


470 


195 


280 


80 


| ^» | b r 1 . »xMgblaU::£uo. e jUy 1. o **C 1 ». • ts 

[ * 9 | Sr : . , :M8Si s 0::Eu.. 55 Dy 0 . «,C1„. 3l « 


470 


450 


990 


90 


470 


330 


710 


80 


^10 j Sr ,. , , k MgSi a 0. :Eu.. . a *Ndo. «2»Br*. 02* j 470 


75 


210 


70 



MgO 4. O g 

S i 0 2 1 2. O g 

Eu> Oj O . O 9 g 

Dy : 0 3 O. 4 7 g 

NH 4 Br 2. 68g 

MPSrffl'-V JW9 7K#*3X»7cJMWW»Tl 2 0 

[003 1] £?>g«i. Sr, S85 Ba,. 0 MgS 
i 2 0 7 :Eu 0 . 005 Dy 0 .o2 6 Br M!5 OfflJS** 
L . 3 6 5 n rnKftarCHB Lfc fc # c^SBfc;*.^;? h A- 
J±H3 (ttltc) OfctiOT. fW-7{±500nm 

#tt<i. 05 (ttttc) jj**-J:3lc*»#*iSLfc. £ 
fc. ^D-^-yi±|36 (AfRc) »t*5"JT»-9fc. 

Mt6 04M*O»3l£BLKSr, ZnS: C uHi&feeft 
1 0 OXtzLtitoXSUEit) ax/m-*- 



[00 35] 



[*2] 



(6) 



^¥9-1 948 3 3 





jv ^- in fit ?f 

1L -f ffl W A 


Cnm) 


5#& 


5 *t f V - } 
«f ufc \A / 

60# & 


70- b # - f 
CO 


nil 


Sr ( . issMsSizOtiEuo. oojTuo. oti8r u . 0 > » 


470 


70 


200 


80 


S £12 


Sri. miigS i aO? :Eiu. ..Jno. 0 j 3 Bro. on 


470 


45 


120 


75 


^13 


S r , . tssMgSizOiiEuo. o o $ B i ©. • i j B r o. on 


470 


40 


no 


70 


H14 


Sri. ii»MgSizO-:Euo. o o * Sn d . » 2 » B r 4. on 


470 


45 


no 


80 




Sro. ti»Bai. »MgS i 2 0? : Eu o. oosDyo. o*»Bro. 0 »s 


470 


45 


230 


90 


j *16 


St'], t i iMgo. * 2 n o. iSi 2 0;:6uo. u«»Dy w . -:sC!o. *n 


470 


525 


1330 


80 


! hit 


Sr. ••sMgSii ? «Ge e. tt <0 - : Eu ( >. o o > Dy u. a 2 $C I o. o z » 


470 


330 


1200 


80 


I 3118 


Sr i . f » iWg o . i i Cdo. tiaSisO^EUo. o o s Dy o. a z sC 1 o. 03 


470 j 420 j Vli) 


75 
80 


! H 


Sr ( . ttsMgo. nBe 0 . osSijOj.Euo. ••iu>o. ojsCU. on 


470 


395 


900 


it 1 


Sr ( . if sMgS i iOt :Euo. on 


470 


3 


0 


80 


it 2 


ZnS:Cu 


516 


100 


100 


120 



[0 0 3 6] 

CHI] =W8^»fcttfi#«K9^S-$r$- ( S r , M 
1 ) O- (Mg. M 2 ) O- (Si, Ge); OJkmVC 

[02 ] mmmiX'^fcLKWfflimftftcomikffiikz: 



CE3] ^$fe#J 1 ~ 3 $ il^S^^^tftlCfcf 
I. 365 nm^ST'lgL/itl^^^^ h/U 

[04 ] mmm 1 0»fctt£3l^o«ft3tx^7 Wbt 
[06] Xttffil 1-3 £7)¥7!&ft^3t*Ofi{^3t^tt ( ^ 



[0i ] 



[05] 



(Mg. M*>0 



(Sr. W)0 



v*Bf'X--X X : X-XX . 
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